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27094/GTURDS 
SELF-CENTERING POLYCRYSTALLINE DIAMOND DRILL BIT 

Field of the lnyention 

The present invention relates generally to drill bits used for drilling subterranean 

fonnations such as oil wells and the like and, more particularly, this invention relates to a 
polycrystalline diamond drill bit having a modified configuration that serves to center the 
drill bit along its axis of rotation within 11 bore hole during operation. 

Backi:tound of the Invention 
Conventional polycrystalline diamond drill or drag bits used for drilling subterranean 

formti.tions generally have a plurality of polycrystalline diamond cutting elements that 

protrude outwardly from the bit surface and that are arranged in blades that each extend 
along an axis running along the bit from a. face portion of the bit, over a shoulder portion, 
and to a gauge portion of the bit. In service, the cutting elements disposed at the shoulder 
portion are typically exposed to more aggressive wear due to both axial and radial forces that 
are ti :rected onto the bit. Additional blades are oftentimes placed along the shoulder 

porticm, increasing the density of cutting elements along the shoulder portion and, thereby, 
minimizing the effect of such aggressive wear. 

As rhe drill bit is rotated in the bore hole the engagement of each cutting element 
withhl the hole creates forces that are imparted to the drill bit. The sum of these forces 
result in the formation of a unified force of single direction that is imposed on the drill bit 
and that causes the drill bit to track to one side of the hole in a direction away from its axis 
of roL;ttion. As the drill bit is rotated within the hole out of its axis of rotation. interaction 
of the cutting elements against the hole side wall causes rhe drill bit to vibrate. The 
vibrations cause abnonnally aggressive wear and impact damage to the drill bit, ultimately 
reduc· ng bit service life. 

Bits known in the art have been configured to reduce whirl and are referred to as Anti­
Whirl bits. Such a bit is discl<;>sed in U.S. Pateni No. S.010.789 and is typically configured 

hav~ low friction pads disposed along the shoulder and gauge portion of the bit. 
Accor.:lingly, to accommodate the low friction pads, the shoulder and gauge portions are 
constructed having a reduced cutter element density, e.g., up to 20 percent fewer cutter · 
elements than a conventional polycrystalline diamond drill bit. To ensure effective 

functioning of the low friction pads in reducing whirling. it is necessary that the operating 
parameters of the bit, e.g., revolution speed (RPM) and weight~on-bit, be limited to a defined 
window so that interaction between the cutter elements and the hole are sure to impose a 
force on the bit that is directed along the low friction pads. Operating the Anti-Whirling bit 
outsid~ of the defined window can cause a force to be directed to the shoulder and gauge 
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. i · ·portion of the bit having the cutting elements. This not only causes the bit to move off-track 
from its axis of rotation. or whirl, but also causes aggressive wear to take place at the 
aforementioned shoulder and gauge portion of the bit. Accordingly, operating the am:i-whlrl 
bit outside of the limited window of operating parameters can ultimately result in the 

5 premature failure of the bit. Because the Anti-Whirl bit can only operate within the narrow 
window, ics use is limited to only particular applications. 

Core or coring bits are known in the art and are configured to form a core portion 

from the formation being drilled by the rotational action of the bit. The core bit is 
configured having a cutting portion disposed along a face and shoulder portion of the bit. 

10 The cutting portion extends a distance into an annular opening in the center of the face 
portion of the bit. The cutting portion may comprise a plurality of cutting elements that 
project outwardly away from the bit face and shoulder surfaces. Operation of the core bit 

causes the cutting portion of the bit to engage the formation, creating a core portion that 

passe:; into and through the annular opening. 
15 The formation of the core portion and housing of such portion with the annular 

20 

opening during drilling action of the bit does have some effect on centering the bit. 
However, whatever effect the core bit may have on centering the bit is overcome by the 
forces that are directed on the bit during drilling operation by interaction of the cutting -
ponion of the bit with the bore hole, causi:og the coring bit to whirl and rotate off track from 
its rotational axis. Additionally, in con\lentional core bits the bit must be removed from the 

hole after drilling a short length so that the core can be removed. Therefore. the use of such 
core bits are typically limited to drilling short sections of a bore hole. Core bits are also 
only used in 4rilling straight line holes and, thus, cannot be used for directional drilling. 

Some core bits are configured having a core ejector mechanism that facilitates the 

25 removal of the core portion from the bit without having to remove the bit from the bore hole. 
U.S. Patent Nos: 4,694,916 and 3,323,604 each disclose a coring drill bit that includes a 
type cif core breaker that facilitates breakage of the core and transportation of the broken core 
portion through the bit to the annulus. The advantage of a core comprising such an ejector 

is that it permits use of the bit in drilling long sections, as the core formed by the bit is 
30 ejecteJ from the bit towards the annulus during the drilling operation. However. use of the 

bit c~mprising a core ejector is limited to drilling hard formations, to facilitate removal of 
the core portion, and to straight-line drilling. · 

U.S. Patent No. 3.635,296 discloses a drill bit constructed having a crown portion 

comprising a matrix of cutting elements disposed thereon. and an annular cavity disposed 
35 within a center of the bit about the axis of rotation. The cutting elements extend a distance 

into the annular cavity. A cutting wheel is located within the annular opening and has a 
cutting surface positioned perpendicular to the opening. During drilling operation of the bit 
the matrix of cutting elements act to form a oore portion from the formation that travels into 
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. l -. i:he a:inular cavity. The cutting wheel acts to crush the core portion once it has traveled a 
distaiice through the cavity. The broken core portions are removed from the cavity through 
passages via hydraulic transport provided by drilling fluid. 

Although this bit embodiment does have some effect on aiding the centering of the bit 
5 along its axis of rotation during operation, e.g., by the action of forming a core portion and 

housing the same within the cavity, the bit does not include a means for directing the forces . 
imposed on the bit to a designated portio~ of the bit. Accordingly, the undirected forces 
impo!ied on the bit by the interaction of the cutting elements with the bore hole go unchecked 
and result in bit whirl and aggressive wear of the bit's cutting elements, thereby, reducing 

10 the service life of the bit. 
None of the above~mentioned bits known in the art are configured in a manner that 

is effective in reducing bit whirling and keeping a drill bit an-line with its rotational axiG 

during drilling. Furthennore. the operation of these bits are limited to narrow operating 
parameters, such as for short-length drilling7 ~pecific drilling parameters, and for straight-line 

15 only ~rilling. 
It is therefore desirable that a polycrystalline diamond drill bit be constructed in a 

manner that will reduce or eliminate bit whirling during operation in drilling .subterranean 
fonmtions under a variety of operating parameters. It is desirable that the drill bit be 
constructed to accommodate straight-line or directional drilling, for either long or short 

20 length hole sections. It is desirable that the drill bit be ~onfigured in a manner that prevents 

bit whirling without sacrificing the service life and efficiency of the bit when compared to 

conventional drill bits. It is further desirable that the drill bit be constructed in a cost 
effective manner using conventional manufacturing techniques and using conventional 
materials of construction. 

25 
Su11U],:aa of the Invention 

There is. therefore. provided in the !'tactice of this invention a self-centering drill bit 
that includes a head portion having a plurality of cutting elements disposed thereon. The 

cuttin~ elements are preferably polycrysu~line diamond compacts arranged in blades that 

30 exten( outwardly away from the surface of ~ bit head portion. The bit also includes a 
cavity that is centrally located on the bit head portion and is fonned between end portions 
of adjacent blades. At least one cutting element is positioned adjacent an opening to the 
cavity to form a core portion from a subterranean fonnation that is also housed in the cavity 

during drilling operation of the bit. 
35 The cavity includes wall portions fort!l-'d from the blade end portions. The bit head 

is ball'.nced to fonn a force or de[erm.ined magnitude and direction from omnidirectional 
forces imposed on the bit during drilting. The force formed by the bit is transmitted by a 
predetermined section of the wall portions to the core portion disposed within the cavity, 
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. 1 ' causing a countering force to be imposed by the core portion onto the wall portion that keeps 
the bit aligned with its rotational axis. At least the predetermined section of the wall portion 
has ~ ~mooth surface fonned from a low friction abrasion resistant material such as thennally 
stable diamond, natural diamond and the like. The low friction abrasion resistant material 

S may ~ither be integral with the wall portion or non-integral in the form of inserts or the like 
that are brazed thereto. 

A rigid element is disposed within the cavity and extends outwardly away from tlle 
surface of the head portion to reduce the core portion disposed within the cavity during 
drilliI.g operation. The rigid element may ile configured, depending on the hardicess of the 

10 fonI'.:.;.·ion being drilled, to crush, break, cct or trim the core fanned within the cavity upon 
conta.;:.t. The use of the rigid element serves to reduce the length of the core fonned within 
the cavity. 

A drill bit constructed according to p:-~nciples of this invention will not move off track 
from ·ts rotational axis during drilling or~;ration. enables use of the bit under a wide range 

lS of op"rating parameters, and reduces drUling time when compared to conventional drill bits. 

)kig{Jlescription of the Drawina 
These and other features and advantages of the present invention will become 

apprer..iated as the same becomes better understood with reference to the specification, claims 
20 and drawings wherein: 

FIG. 1 is top elevational view of a first embodiment of a drill bic constructed 
according to principles of this invention; . 

FIG. 2 is cross-s~ctional side elevation of the drill bit t.aken along lines 2-2 of FIG. 
1; 

25 FIG. 3 is a top plan view of a second embodiment of a drill bit constructed according 
to prh:ciples of this invention: and 

f<IG. 4 is a cross-sectional side elevation of the drill bit taken along lines 4-4 of FIG. 
3. 

30 

35 
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' 
1 · Detailed Description . 

Referring to FIG. 1, a first embodiment of a drill or drag bit 10 constructed according 
to principles of this invention, used to drill subterranean formations, preferably comprises 
a head portion 11 and a plurality of polycrystalline diamond compact (PDC) cutting elements 

5 12 disposed around a face 14, shoulder 16. and gauge 18 portion of the bit head. 
Alternatively, the drill bit may comprise cutting elements formed from hard materials other 
than PDC. However, in a preferred first embodiment the cutting elementS are fonned from 

PDC. The PDC cutting elements may be serially arranged in a number of blades 20. some 
of which extend away from the face 14. over the shoulder 16 band ta the gauge 18 portion 

IO of the bit. The bit may comprise any number of blades. For purposes of illustrationt a bit 

having six blades is shown in FIG. 1. It is to be understood, however, that a bit constructed 
according to principles of this invention may be designed having any number of blades to 

accommodate drilling under a variety of different conditions. 
The PDC bit 10 also includes a number of openings or nozzles 22 that extend through 

15 the face ponion 14 of the bit. The nozzles 22 serve to dispense drilling fluid from inside the 
bit to the sutface of lhe particular formation being drilled. The dispensed fluid facilitates the 
drilling operation by cooling the bit and removing drilling debris from the working area of 
the bit. 

The PDC bit 10 incIUdes a cavity 24 that is centrally located at the face portion 14 of 
20 the bit 311d that is formed between adjacent end portions of blades 20. Alternatively, rather 

than being fanned by the blades, the cavity 24 can be fanned from a recessed portion in the 
face portion 14 of the bit itself. However. it is desirabJe that the cavity be fanned from end 
portio~u of the blades because the placement of one or more PDC cutting element 12 adjacent 
the en<! portion of the blade serves to cut a diameter of the drilled formation, thereby forming 

25 a cor" for placement within the cavity 24. Additionally. the use of acljacent blade end 
ponioris to form the cavity 24 provides openings in the cavity between each end portion to 

allow for broken, crushed, cut or trimmed core portions to be directed outwardly away from 
the cavity. The broken core portions arc allowed to pass from the cavity along the face 

ponion of the bit to the bore of the hole tf) join other drilling debris andJ the~"Cby, not 

30 interfr.:e with the cutting and centering actiun of the bit. 
The cavity 24 is configured in the fonn of a circular opening having a diameter and 

depth of predetennined dimension. In a preferred first embodiment, the cavity has a depth 

that corresponds to the approximate distance that each respective blade 20 deferring the 

cavity extends outwardly from the face portion 14 (as best shown in FIG. 2). wherein the 
35 depth is sufficient to provide a desired centering effect on the bit during operation. In a 

preferred first embodimem, for an 8-1/2 inch drill bit, the cavity has a diameter of 
approximately 1-1/2 inches and has a depth of approximately 1-112 inches. 

This Sheet Has Been Replaced 

I lllllll llllll llll Ill llll 
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1 · During the operation of the bit in drilling a bore hole, the PDC cutting element{s) 12 
located adjacent the cavity opening acts to form a core portion from the formation that enters 
and ~a vols into the cavity. Accordingly, as the remaining PDC cutting elements disposed 
around the blades of the bit act to cut away the fonnation and form the hole, a core portion 

S is simultaneously being fonned from the fonnation and fills the cavity. 
The drill bit 10 is designed having a balanced bit head 11 that acts to take the 

omnidirectional forces that arc imposed upon the bit, by action of the bit drilling within the 

bore hole, and from such forces fonn a force of predetennined magnitude and direction. The 

bit head is designed so that force fonned by the balanced bit head is transmitted by a 
10 desiguated portion of the bit to an adjacent portion of the formed core. It is desired that the 

force or forces fanned by the bit head have a sufficient magnitude and a specific direction 
to cause a resulting equal and opposite force. i.e., a countering force, to be imposed onto the 

designated portion of the bit by the formed core, thereby promoting alignment of the drill 
bit with its axis of roration. 

15 It has been discovered that the most effective manner of transmitting a force formed 
by the balanced bit head to the bore hole, and . thereby cause a desired countering force of 
sufficient magnitude and direction to be imposed onto the bit. is by transmitting the force 
from & central position of the bit. Accordingly, a drill bit constructed according to principles 
or this invention is constructed having a balanced bit head that, during drilling operation of 

20 the drill bit, forms a force and transmits such force from a designated portion of the central 

cavity to an adjacent core portion. The force tranSmitted to the core portion in tum causes 

an equal and opposite countering force to be imposed onto the designated section of the 
central cavity. 

In a preferred first embodiment, the balanced bit head 11 is designect co sum the 
25 omnid,rectional forces that are imposed on the bit head by the bore hole. and form a force 

of predetermined magnitude and direction. The bit is designc;d to fonn a force having a 

magnitude and direction that, when transmitted by the cavity portion of the bit, causes a 

countering force of equal and opposite magnitude and direction to be imposed onto the bit 

that is sufficient to keep the bit ali1?ned with its axis of rotation. As the drill bit is rotated 

30 within the fonnation, the bit acts to fonn the bore bole by action of the cutting elements, and 
simultaneously acts to form a core portion within the cavity. As the cavity rotates around 
the core portion the bit transmits a force from a designated portion of the cavity to the core 
portion. which causes a countering force ta ~e imposed on the bit by the core portion. This 

countering force keeps the bit aligned with its rotational axis. 
35 The drill bit 10 may have a balanced bit head 11 that is either symmetric or 

asy:nunetric in configuration. In a preferred first embodiment, the b~t head has an 
asymmetric . configuration as a result of balancing lhat is needed to form the force that is 
transmitted from the central cavity to an adjacent core portion and, thereby cause the desired 
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. 1 · Countering force. The bit head may be balanced by varying a number of different bit 
characteristics such as by manipulating the geometrical characteristics of the blades or cutting 
elements, e.g., angular locations, radial and longitudinal coordinates, back and side rake 

angles and the like of the blades. 
5 The placement of the centering device, i.e .• a designated portion of the central cavity, 

at the center of the face portion 14 of the bit is advantageous because the face portion 
typically. and especially me center portion of the face portion. does not experience the same 
type of aggressive wear during drill bit operation as the shoulder portion 16. Therefore, 

decreasing the cutting element density at the face portion to accommodate the centering 
10 deviCt."' does not sacrifice or adversely affect the service life of the bit. 

The drill bit illustrated in FIG. 1 is designed having a balanced bit head 11. The bit 
head 11 is configured to take the omnidirectional forces imposed upon the bit during the 

drilling operation and form a force of sufficient magnitude and determined direction to. in 
tum cause a sufficient countering force to be imposed on the bit to eliminate or minimize bit 

15 whirlilg. The force formed by the bit head 11 is transmitted from a wall portion 26 and is 
directed toward an axis running along the lengch of the central, i.e.-, are directed toward wall 
portion 29. The wall portion 26 is formed by a bridge portion 27 connectin~ a<ljacent blade 
end punions together. The force is transmitted to an adjacent surface ponion of a core 
disposed within the cavity during operation of the bit. The core, in reaction to such force, 

20 imposes an equal and opposite countering force onto the wall portion 26 to keep the drill bit 

aligned with it axis of rotation during operation. 

It is desired that the wall portion 26 have a smooth low friction abrasion resistant 
surface 28 because of the force or forces that are transmitted by &:nd imposed upon the wall 
ponioi1 26 during drilling. Use of a low friction ab~sion resistant surface maintains the 

25 rotational efficiency of the bit and protects tile cavity wall from friction related wear. thereby 

enhan~;ing the service life of the drill bit. The smooth low friction abrasion resistant surface 
28 can either be integral with the wall portion 26 of the cavity 24 or can be formed from one 
or more non-integral insens. that can be set nush wi~ the cavity wall surface. In a preferred 
first embodiment. the smooth low friction abrasion resistant surface 28 is integral with the 

30 wall P·Jrtion 26 and is formed during the formation of the face portion 14 of the bit. The 
materhl used to form the smooth low friction abrasion·resistant surface may be selected from 
the group including thermally stable diamond (TSP), natural diamond, or any other type of 
hard thermally stable abrasion resistant nta{~rial. A preferred material that is used to fonn 

the smooth low friction abrasion resistant surface is TSP. 
35 A wall portion 29 of the cavity 24, independent from and opposite to the wall ponion 

26, also serves to a lessor extent to help keep the bit aligned with its rotational axis during 
drilling. Wall portion 29 helps to promote drill bit rotational alignment by effecting 

temporary contact with the core portion in the event that the axis of rotation of the bit is 
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1 . suddenly upset, such as when the bit engages domains of different hardnesses during drilling 
a nonunifonn formation. Because wall portion 29 participates to a lessor extent than wall 
portion 26 in promoting rotational alignment of the bit, it can be fonned having a surface 

different than that of wall portion 26. For example, the wall portion can be fonned from the 

S same material that is used to fonn the blades 20. However, depending on the particular 

application, e.g., the drilUng of non-unifonn formations where unsteady rotational operation 
of the drill bit is likely, the wall portion 29 may be fonncd having a smooth low friction 

abrasion resistant surface as described above for wall portion 26. 
As shown in FIGS. 1 and 2, a first e..nbodiment of the drill bic 10 includes a shear 

10 cutter 30 located at a base portion 32 of the cavity 24. The shear cutter 30 can either be an 
inceg1al member of the base ponion 32 or a non-integral insert formed from a hard and 

abrasion resist.ant material. In a preferred first embodiment. the shear cutter 30 is a non­
integr<tl insert in the form of a tungsten carbide stud 34 that extends outwardly a distance 
away-from the base portion into the cavity. The tungsten carbide stud 34 includes a diamond 

15 wafeI 36 that is brazed 10 a side ponion of the stud. The shear cutter 30 is designed to 

engage . a leading edge of the core during operation of lhe bit as the core is formed and 
travels through the cavity and toward the base portion. The shear cutter 30 cuts away the 
core by the core engaging the diamond wafer 36. Cut away portions of the core are passed 
from t.he cavity via the openings between the wall portions 26 and 29 of the cavity to the 

20 bore hole where they caMot interfere with .the core cutting and centering operation. The 
shear cutter is preferably used in applications where a soft or medium hardness formation, 
which cannot be broken or crushed but must be cut, is to be drilled. 

As the bit is operated to drill a hole, a core portion is formed by action of the blade 
ends against the formation. The core portion enters into the cavity and travels the length of 

25 the ca"ity until it engages the shear cutter, which cuts and thereby.reduces the core portion. 
The use of the rock bit comprising the cavity 24 and core shear cutter 30 fonns a core of 
sufficf :mt length to provide a desired cencering action without the need to remove the! bit from 
the bore hole to remove the core ponion and, therefore, does not limit use of the bit to either 
short i.irlllini lell2ths or straighc-line only drilling. 

30 ·Referring to FIGS. 3 and 4, a secom! embodiment of a drill bit 37 is illustrated. The 
drill bit. 37 has a head portion 38 that includes PDC cutting eleme~ts 39, a face portion 40. 
shoulder ponion 41. gauge portion 42, blad.;s 44, and nozzles 46 as previously described for 
the first embodiment. The drill bit 37 has nine blades, three of which extend from the face 
porti011. 40, over the shoulder portion 41, and to the gauge portion 42 of the bit. The 

35 remaireng six blades extend only partially over the face portion, over the shoulder. and to 
the gauge position. 

The drill bit 37 includes a centrally located cavity 48 at the face portion :5,() chat is 
formed between adjacent end portions of the three oppositely arranged independent blades 
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. 
1 · 44. 'I'he cavity 48 serves the same purpose as that previously described for the first 

embodiment. i.e .• to keep the bit aligned with its rotational axis during drilling operation by 
retaining a core ponion thc;rcin and transmitting a force to such core portion. The cavity 48 

is configured having a predetennined diamc•·er and depth that corresponds to the distance that 
5 the blade ends are positioned away from each other, and the distance that the blade extends 

outwardly away from the face ponion 40 of the bit, respectively. At least one cutting 
clemcut 39 is located adjacent to the opening of the cavity 40 to cut along a diameter portion 

of the formation to foim the core. 
The drill bit 37 is designed having an balanced bit head 38 as previously de:;cribed in 

10 the fi ·st embodiment. Specifically. the bit head 38 is balanced by using oru:. or more 
desigm.ted blades 44 that are of unequal length. The balanced bit head is designed to 
functbn in the same manner as previously d:=.scribed for the first embodiment, i.e., to take 

the OD'nidirectional forces that are imposed upon the bit, fonn a force of sufficient magnitude 
and dNennined direction, tranSmit such forr~ from a wall portion of the cavity to an adjacent 

15 core disposed within the cavity, and cause an equal and opposite countering force to be 

impo~~d on the wall portion by the core ponion to keep the drill bit aligned with its axis of 

rotation. In this second embodiment, the balanced bit head design forms a force that is 
transmltted by two noncontinuous wall portions 50 to. an adjacent core portion within the 
cavity rturing drilling operation. The force fonned by the bit head is directed towar1 the axis 

20 rurming along the length of the cavity, i.e.t generally towards wall ponion 52. 

Wall portions SO are formed from end portions of two adjacent non-integral blades 44. 

Each individual wall portion 50 is shaped in the form of a circular section w facilitate 
placement adjacent to a core portion fo~ed by operation of the bit and disposed within the 
cavity SO. Wall portions SO include a smooth low friction abrasion resistant surface 51 that 

25 can bf• either integral with or non~integral member of the wall 50, as previously described 
for th,. first embodiment. The smooth low friction abrasion resistant surface can be formed 
from the same materials previously described for the first embodiment. In a preferred second 
embodiment, the smooth low friction abrasion resistant surface 51 is fonncd from a plurality 
of non-integral inserts tliat are set flush wim the wall surface and mat are fanned from 

30 natura:. diamond and TSP. 
. A wall portion 52 is arranged opposite to wall portions 50 and serves to a lessor extent 

to center the drill bit during drilling operation in the same manner previously described for 
wall pQrtion 29 in the first embodiment. A.:cordingly, wall ponion 52 may be formed from 

the saiue material as the blades 44 or, if desired. can be fanned having the same smooth low 
35 friction abrasion resistant surface as that or" wall portion 50. . 

The drill bit 37 includes a core breaker 56 disposed within the cavity 48 locatec1 at a 

base 58 of the cavity fonned from the surface of the face pottion 38 of the bit. As best 
shown in FIG. 4, the core breaker 56 is a rigid element configured in the shape of a cone 
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. 
1 that extends outwardly away from the base SS. The core breaker serves to break up or crush 

the core during operation of the bit by engaging a leading edge of the core as the core travels 
into and fills the cavity. The broken or crushed core panicles exit the cavicy via openings 
between the blade ends that define the wall portions of the cavity and are directed across the 

5 face portion of the bit to the bore hole, thereby preventing buildup of core particles in the 
cavity. 

It is to be understood that the core breaker '6 can be configured having a shape 

different than a cone as illustrated in FIG. 4, as long as the shape acts to break up the core _ 

portion upon contact therewith. Additionally, it is to be understood that the bit may be 

10 config'.Jred having more than one core breaker. The core breaker 56 may also either be 
formed as an integral element of the face portion of the bit or as a non-integral insert made 
from a hard abrasion resistant material. In a. preferred second embodiment. the core breaker 

is a non-integral diamond enhanced insert (DEI) that is inserted into the face portion 38 of 

the bit and is formed from tungsten carbide coated with diamond. A core breaker 56 of the 
15 type ~cribed above and illustrated in FIG. 4 is useful in applications where a hard 

formation is being drilled so that a core portion formed by the cavity can be easily crushed 
.or broken. 

A PDC bit constructed according to the embodiments described and illustrated above, 
comprising the centrally located core-forming and retaining cavity, keeps the bit aligned with 

20 its rotational axis and reduces bit whirling without sacrificing cutting element density at the 
shoulder portion of the bit, thereby enhancing the effective service life of the bit. The PDC 
bit comprising a centrally located centering device also facilitates use of the bit under a 
variecy of different operating conditions. e.g., rotational speed (RPM) and weight-on-bit, 
without having to worry about forces being imposed on relatively non-protected portions of 

25 the bit, i.e., portions of reduced cutting element density. Additionally. the PDC bit 

constructed according to principles of this invention has a faster rate of penetration than 
conventional PDC drill bits, allowing for reduced drilling times. It is believed that the faster 
rate of penetration is due to the action of the PDC bit in fanning a core portion from the 
fonna\ion rather than drilling the entire formation. 

30 The use of differently configured core removing devices, i.e., a core breaker or core 
shear ~utter, allows the PDC bit to be used in drilling formations that have a variety of 
differe:tt hardnesses. Also, use of the bit is not limited to drilling short-length holes because 
the cote that is formed for centering the bit is broken or cut a":Nay from the bit during 

operauon. thereby eliminating the need for frequent removal of the bit from the hole. 
35 Although limited embodiments of the PDC bit have been described herein, many 

modifications and variations will be apparent to those skilled in the art. · Principles of this 
invention relate generally to the construction of a drill bit having a balanced bit head design 
for taking forces that are imposed on the bit during drilling operation, forming a force of 

-10-
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. 
I sufficient magnitude and determined direction, transmitting the force from designated portion 

or portions of a centrally located cavity in the bit to an adjacent core portion disposed within 
the cavity, and causing an equal and opposite countering force to be imposed onto the 

designated portion or portions to keep the drill bit aligned with its axis of rotation. It is. 

5 therefore. tb be understood that drill bits constructed according to principles of this invention 
may be designed having a balanced bit head configured differently than that specifically 
described or illustrated, which includes a central cavity having a wall portion configured to 
take into account auch design and effect the transmission and receipt of such aforementioned 

forces. Drill bits having such different balanced bit head configurations are intended to be 
10 within the scope of this invention. 

15 

20 

25 

30 

35 

Accordingly. it is to be understood that, within the scope of the appended claims, the 
PDC bit constructed according to principles of invention may be embodied other than as 

specifically described herein. 
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1 What is Claimed is: 
1. A self-centering drill bit for drilling subterranean formations comprising: 
a balanced head portion for fanning and transmitting a force from a predetermined 

ponion of the drill bit to the fonnation; 
5 a plurality of cutting elements disposed on the head portion; and 

a centrally located cavity formed on the head portion, wherein the cavity includes wall 
portions that extend outwardly away from a surface of the head portion, wherein at least one 
wall portion includes a low friction abrasion resistant surface, and wherein the force formed 
by the head portion is transmitted irom the low friction abrasion resistant surf~~ to an 

10 adjacent core portion of the fonnation dispu~ within the cavity. 

15 

20 

·2. The self-centering drill blt as recited in claim 1 comprising means for reducing 
the cc'.,, formed within the cavity during drilling operation of the bit to a predetermined 
constant length. 

~~. The self-centering drill bit as recited in claim 1 wherein the plurality of cutting 
clemcrts are arranged in blades, and wherein at least two blades extend from a facl! portion 

of the bit head, over a shoulder portion, and to a gauge ponion of the bit head. 

.i. The self-centering drill bit a!> recited in claim l wherein the low friction 
abrasicn resistant surface is fonned from a material selected from the group including 
thermally stable diamond and natural diamond. 

J. The self-centering drill bit ~ recited in claim 4 wherein the low friction 
2:5 abraslu.n resistant surface is an integral member of the wall portion. 

30 

6. The self-tentering cutting drill as recited in claim 4 wherein the low friction 
abrasion resistant surface is a non-integral member of the wall portion in the fonn of an 
insert. 

7. The self-centering drill bit as recited in claim 2 wherein the core limiting means 
compr;ses a rigid member disposed within che cavity and extending outwardly away from the 
surface of the head portion a predetermined distance. 

35 8. The self-centering drill bit as recited in claim 7 wherein the rigid member is 
configured having a geometric shape effective in breaking or crushing a core portion upon 
contact therewith. 

I lllllll llllll lllll lllll II llll -12-
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1 9. The self-centering drill bit as recited in claim 7 wherein the rigid member is 

s 

10 

configured having a geometric shape effective in shearing or cutting a core portion upon 
contact therewith. 

10. The self-centering drill bit as recited in claim 1 wherein the wall ponions 
defining the central cavity are formed from adjacent end members of more than one blade. 

11. The self-centering drill bit as recited in claim 1 wherein the head portion is 
designed having an asymmetric configuration. 

12. A self-centering drill bit for drilling subterranean fonnations, the drill bit 
comprtslng: 

a head portion that is balanced to form and transmit a force from a predetennined 
portion of the drill bit to the fonnation; 

is .i number of blades that each extend outwardly away from a surface of the head 
portion; 

a plurality of cutting elements arranged on the blades; 
a cavity located at a central position on the head portion between end portions of 

adjac~nt blades, wherein the cavity has a depth equal to the distance that respective blades 
20 extend away from the head portion, wherein at least one cutting element is positioned 

adjacent an opening to the cavity to form a core portion during operation of the bit, wherein 
the cavity includes at least one wall portion having a low friction abrasion resistant surface. 
and wherein· che force is transmitted from the low friction abrasion resistant surface to the 
core P·lrtion; and 

25 means included within the cavity for limiting the core fanned in the cavity to a 

30 

predetermined length. 

13. The self-centering drill bit as recitecl in claim 12 wherein the plurality of cutting 
elements arc fonncd from polycryst&lline diamond compact. 

14. The self-centering drill bit as recited in claim 12 wherein the low friction 
abrasion resistant surface is integral with the wall portion and is formed from a material 
selected from the group consisting of thcnnally stable diamond and natural diamond. 

35 lS. The self-centering drill bit as recited in claim 12 wherein the core limiting 
means ·compljses a rigid element that extends outwardly away from the surface of the head 
portion and into the cavity. 

I lllllll llllll lllll lllll ll llll 
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1 16. The self-centering drill bit as recited in claim 15 wherein the rigid element is 

s 

configured to break up or crush a core ponion that enters into contact with such rigid 
element. 

17. The self-centering drill bit as recited in claim 16 wherein the rigid element is 

configured jn the shape of a cone. 

1.8. The self-centering drill bit as recited in claim lS wherein the rigid element 

include$ a cutting surface to cut away a core ponion that enters into contact with such rigid 
10 element. 

, 9. The self-centering drill bit a.s recited in claim 12 wherein the low friction 

abraskn resistant surface is fanned from non-integral inserts, and wherein the inserts are 

formed from a material seleeted from the group consisting of thennally stable diamond and 

15 natural diamond. 

20 

io. The self-centering drill bit as recited in claim 12 wherein the head portion is 
designed having an asymmetric configuratior.., 

21. A self·centering poJycrysralline diamond compact drill bit for drilling 

subterranean formations comprising: 

a bit head having a face portion, a shoulder portion, and a gauge portion, wherein the 
bit head is balanced for fanning and transmitting a force from a predetennined portion of the 
drill bjt to the formation; 

25 a number of cutting blades that extend outwardly away from a surface of the bit head; 

a plurality of polycrystalline diamond compact cutting elements disposed within the 

blades; 
a cavity centrally located at the face portion of the bit head for accommoda.rlng a core 

forme.r4 from the follIUltion therein, wherein the central cavity includes wall portions. and 

30 wherein a[ least one wall portion transmits the force and is fanned from a low friction 
abrasion resistant surface; and 

a rigid element disposed within the cavity for reducing the core portion formed by the 
cavity to a predetermined length. 

35 22. The self.centering drill bit as recited in claim 21 wherein the wall portions of 
the cavity are formed by adjacent blade end portions that extend along the face portion of the 
bit head, and wherein the cavity has a depth equal to a distance that each defining blade 
extends from the bit head surface. 

111111111111111111111111111111 
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1 23. The self·centering drill bit as recited in claim 21 wherein the low friction 

abrasion resistant surface is integral with the wall portion and is fanned from a material 

selected from the group consisting of thermally stable diamond and natural diamond. 

5 24. The self-centering drill bit as recited in claim 21 wherein the low friction 

10 

abrasion resistant surface is fonned from inserts that are non-inregral with the wall ponion 

and thax are formed from a material selected from the group consisting of thennally stable 

diamond and natural diamond. 

25. The self-centering drill bit as recited in claim 21 wherein the rigid element is 

configured having a fonn that will break or crush an adjacent core portion upon contact 

therewith. 

26. The self-centering drill bit as recited in claim 21 wherein the rigid element is 

15 configured having a form that will cut an adjacent core portion upon contact therewith. 

27. A self.centering drill bit comprising: 

a bit head having a number of cutting blades exrending outwardly therefrom, wherein 

each cutting blade includes a number of cutting elements for engaging a subterranean 

20 fonnation; and 

a cavity centrally located on the bit head for housing a core portion formed from the 

formation, wherein at least one cutting element is positioned adjacent an opening to the cavity 

for engaging the formation and forming the core portion, wherein the cavity comprises wall 

ponio·Js fanned from adjacent end portions of more than one cutting blade, wherein the bit 

25 head i3 balanced to fonn and transmit a force to the core ponion by a selected wall portion, 

and wherein at least the selected wall portion includes a low friction abrasion resistant 

surface. 

28. The self~tering ~111 bit as recited in claim 27 wherein the cutting elements 

30 arc fonned from polycrystalline diamond compact. 

35 

29. The self-centering drill bit as recited in claim 28 wherein the low friction 

abraston resistant su1face is selected from the group of materials consisting of thermally 

stable diamond and natutal diamond. 

30. The self-centering drill bit as recited in claim 29 wherein the cavity includes a 

rigid element disposed therein that extends outwardly and away from the bit head for 

engaging and. reducing an adjacent portion of the core after it travels through the cavity. 

11111111111111 11111 11111111111 
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1 31. The self-centering drill bit as recited in claim 30 wherein the cavity has a length 

s 

equal to a distance that each defining blade end portion extends outwardly away from the 
bit head. 

32. The self-centering drill bit as recited in claim 31 wherein the bit head is 
designed having an asymmetric configuration. 

33. The self-centeririg drill bit as recited in claim 27 including at least one opening 
interposed between wall portions to facilitate removal of the reduced core portion from the 

10 cavity. 
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